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REMARKS 

Applicant respectfully requests reconsideration of the present application in view of the 
foregoing amendments and the following commentary. 

I. Claims Status 

Claims 1-23, which were deemed withdrawn by the Examiner as being directed to an 
unelected invention, have been canceled without prejudice or disclaimer. Applicants reserve the 
right to file one or more divisional applications to pursue the subject matter of any of the 
canceled claims. 

Claim 24 has been amended and claim 28 has been added, with support in the original 
claim 24. Upon entry of this amendment, claims 24-28 will be pending. 

II. Claim Objections 

The Examiner objected to claim 24 for not being drawn to the elected invention. The 
claim in question has been amended in keeping with the Examiner's suggestion. Therefore, 
Applicants respectfully request withdrawal of the objection. 

III. Rejection of Claims under 35 U.S.C. §103(a) 

The Examiner rejected claims 24-26 for alleged obviousness over Wall et al in view of 
U.S. Patent No, 6,818,404 to Shuber et al, as well as claim 27 over the same references and 
further in view of Claustres et al Applicants respectfully traverse each of the rejections. 

The claimed invention is directed to a kit for amplifying sequences of the CTFR gene 
comprising one or more pairs of nucleic acid primers including SEQ ID NOs: 13 and 14. The 
Wall publication discloses an assay and the particular primers and probes to screen for CFTR 
mutations, however. Wall fails to teach the specific primers recited in claim 24 or even to refer to 
a kit 



DLMR 292829.2 



-6- 



Atty. Dkt No. 0348274502 



For example, the Examiner contends that mutation N1303K on exon 21 flanked by SEQ 
ID NOs; 13 and 14 is also detected by Wall et al However, the sequences of the flanking 
primers of exon 21 disclosed by the Wall publication are entirely different from those recited in 
claim 24. In fact, all primers disclosed by Wall are distinguished from the primers required in 
the instantly claimed kit. 

The Examiner asserts that any primer pair for amplifying the CFTR gene is obvious 
because the entire sequence of CFTR gene is known. Applicants respectfully disagree. 

This assertion by the Examiner is unsupported by reference to any scientific literature and 
therefore constitutes an improper attempt to establish official notice of fact. MPEP 2144.03 
prohibits the examiner from taking official notice of facts without citing a prior art reference 
where the facts asserted to be well known are not capable of instant and unquestionable 
demonstration as being well-known. Assertions of technical facts in the areas of esoteric 
technology or specific knowledge of the prior art must always be supported by citation to some 
reference work recognized as standard in the pertinent art. In re Ahlert, 424 F.2d at 1091, 165 
USPQ at 420-21. See also In re Grose, 592 F.2d 1161, 1167-68, 201 USPQ 57, 63 (CCPA 1979) 
The use of primers to amplify specific regions of the CFTR gene clearly constitute technical facts 
in the area of esoteric technology. Accordingly, the Examiner's rejection is unfounded and 
should be withdrawn or supported by appropriate citation. 

Additionally, although the CFTR sequence is known, it would have not been obvious to 
select the specific primer pairs for amplifying different regions of the CFTR gene because primer 
selection for diagnostic assay where kits are used is not routine. That one cannot know in 
advance that any particular sequences would be effective in amplification finds support in a 
publication by Wang et al, BioTechniques 17: 82-87 (1994) (Exhibit A). Wang teaches the 
importance of particular primer pairs in the sensitivity of detecting target nucleic acids in PGR. 
Wang teaches that primers that differ even "slightly" in position can exhibit 100- to 1000-fold 
differences in amplification sensitivity. Wang et al describes dramatic differences in sensitivity 
using different primer combinations. As stated by Wang et al : 
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Our results suggest that primers are decisive for the sensitivity of 
PCR, and that there is no reliable means to predict the sensitivity 
achieved by a given primer pair. Some primer pairs, which have 
been designed taking into account the basic rules, do not work as 
efficiently as expected. An extensive search for optimal reaction 
protocol may be unfruitful with these primers. 

Wang et aL, page 85, paragraph 5 (emphasis added in bold). 

Furthermore, the specification discloses that the claimed primer pairs are suitable to be 
used in combination for amplifying different CFTR gene segments in a multiplex format. The 
multiplex amplification is more complex than standard PCR assays because the primers in a 
multiplex format must be able to function together at the same time. The Wall publication does 
not disclose the claimed primers, and there is nothing in the art that teaches to obtain the specific 
primers recited in the claimed kit for amplifying sequences of the CFTR gene. 

The secondary reference by Shuber et aL, cited for teaching a chimeric primer comprising 
a universal sequence appended at the end of each PCR primer, does not cure the deficiency of the 
primary Wall reference. Accordingly, claims 24-26 are non-obvious over the cited references 
because they do not teach all the claim limitations. 

The Examiner also rejected claim 27 over the same references and further in view of 
Claustres et aL, which allegedly teaches CFTR mutations on exon 16. By the same token, 
Claustres does not remedy the deficiency of Wall, taken alone or in combination with that of 
Shuber. Thus, the cited art does not render claim 27 obvious. Accordingly, Applicants 
respectfully request withdrawal of the obviousness rejection. 

CONCLUSION 

Applicants believe that the present application is now in condition for allowance. 
Favorable reconsideration of the application as amended is respectfully requested. 
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The Examiner is invited to contact the undersigned by telephone if it is felt that a 
telephone interview would advance the prosecution of the present application. 

The Commissioner is hereby authorized to charge any additional fees which may be 
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, to 
Deposit Account No. 50-0872. Should no proper payment be enclosed herewith, as by a check or 
credit card payment form being in the wrong amount, unsigned, post-dated, otherwise improper 
or informal or even entirely missing, the Commissioner is authorized to charge the unpaid 
amount to Deposit Account No. 50-0872. If any extensions of time are needed for timely 
acceptance of papers submitted herewith, Applicant hereby petitions for such extension under 37 
C.F.R. §1.136 and authorizes payment of any such extensions fees to Deposit Account No. 50- 



0872. 



Respectfully submitted, 




FOLEY & LARDNER LLP 
Customer Number; 30542 
Telephone: (858) 847-6722 
Facsimile: (858) 792-6773 



Richard Warburg, Reg. No. 32,327 
By Barry S. Wilson, Reg. No. 39,431 
Attorneys for Applicant 
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Primers are Decisive for 
Sensitivity of PGR 

ABSTRACT 

A sufficient sensitive of PCR is a pre* 
requisite for its use in the diagnosis of in- 
factious diseases. We have .used PCR for 
detecting gene elements of Borrelia burg- 
dorferi, mycobacteria and Bordetella per- 
tussis. With ail these microbe groups, diffi- 
culties were encountered in achieving the 
demanded sensitivity- mih the primer pairs 
primarily selected. An extensive testing of 
various reaction parameters did not im- 
prove the sensitivity. Subsequently we syn- 
thesized more primers derived from slight- 
ly different positions of the original target 
sequences. When the original and new pri- 
mers were tested in possible combinations, 
some primer pairs reached 100-fold to 
1000-fold higher sensitivity than the pri- 
mary pairs. We conclude that in optimiz- 
ing the sensitivity of PCR, more emphasis 
should be put on testing of several primer 
pairs than on the extensive screening of 
reaction parameters. Thus far, a tnal-and- 
error approach has to be used, because 
there is no means to predict the sensitivity 
p rope rues of a se (ected p rim e r pa in 

INTRODUCTION 

Polymerase chain reaction (PCR) is 
used in the diagnosis of many infec- 
tious diseases (3,7). To detect small 
amounts of microbial DNA among eu~ 
karyoue gene material, PCR has to be 
very sensitive and specific, It is well 



Table I. Sequences of the Oligonucleotide Primers 



Oligonucleotide 


Sequence (5'-3'} 


3. burgdorferi 


— 


34 


(128) CTGCTGGCATGGGAGTTTCT (147) 


B5 


(857) TCAATTGCATACTCAGTACT (838) 


WK1 


(271) AAGGAA7TGGCAGTTCAATC (290) 


WK2 


(560) ACAGCAATAGCTTCATCTTG (541) 


PL 7 


(757) GCATTTTCAATTTTAGCAAGTGATG (743) 


M. tuberculosis 




MV1 


(579) GGCCAGTCAAGC7TCTACTCCGAC7GG (505) | 


MV2 


(1001) GCCGTTGCCGCAGTACACCCAGACGCG (975 j 


MV4 


(953) CCCGACGTTCAACAGCGGGTC (933) j 


MVS 


(693) AACAGGCACGTCAAGCCCACC (713) 


8. pertussis 




BP1 


( 1 2) GA1TCAATAGGTTGTATGCATGGTT (35) j 


BP2 


(192) TTCAGGCACACAAACTTGATGGGCG (163) 


BP3 


(41) CGAACCGGATTTGAGAAACTGGAAAT (66) 


BP4 


(164) AATTGCTGGACCATTTCGAGTCGACG (139) j 
— — — __ _ • j 



known chat the efficiency of PCR de- 
pends on several reaction parameters, 
such as the annealing temperature and 
concentrations of magnesium, primers 
and polymerase (9.1*2). We have used 
PCR for the diagnosis of infections 
caused by Borrelia burgdorferi, myco- 
bacteria and Bordetella pertussis (4,5, 
8, 1 0, II ). Although various reaction pa- 
rameters were extensively screened, the 
primer pairs primarily selected did not 
always allow a sensitivity sufficient for 
clinical diagnosis, [n contrast, a dra- 
matic improvement of the sensitivity 
was obtained by new combinations of 
primers, which were derived from 
slightly different positions of the origi- 
nal target gene sequences. 

MATERIALS AND METHODS 

DNA Preparation 

The details of DNA extraction from 
the bacterial ceils and the clinical speci- 
mens have been described previously 
(4,10,11). Serial dilutions (dilution 
factor: 10) of purified DNA extracted 
from B, burgdorferi (Catalog #35210: 
ATCC, RockviUe. MD. USA), Myco- 
bacterium tuberculosis (H37Rv) or B. 
pertussis (a clinical isolate; were used 
for the sensitivity assessments. For per- 



tussis PCR, DNA was also extracted 
from seven nasopharyngeal swabs col- 
lected from a culture-confirmed pertus- 
sis case during nine consecutive days. 
The first three of the swabs grew B. 
pertussis by culture. 

Oligonucleotide Primers 

Thirteen oligonucleotide primes 
were used (Table 1). Five primeo u-e 
derived from the gene encoding 41- 
>kDa flagellin of B. burgdorferi 
(5.8,11 ): four primers from the gene en- 
coding the 32-kDa secreted protein of 
M. tuberculosis (10); and four primers 
from the repeated gene element or B. 
pertussis (4), Oligonucleotides were 
synthesized by an automatic DNA syn- 
thesizer (Model 391 PC R- Mate M 
DNA Synthesizer; Applied Biosyseems, 
Foster City, CA, USA) based on phos- 
phoamidite chemistry. Five primer 
combinations (B4-B5, B4-WK2, WKl- 
B5 S B4-FL7 and WK1-FL?) were 
tested in borrelia PCR, two combina- \ 
[ions (MV ! -MV2 and MV4-MV5) in 
mycobacterial PCR and four combina- 



tions (BP1-BP2, 
and BP3-BP4) in 




pert' 



Polymerase Chain Reaction 

The standard reaction mixture con- 
tained 50 mM KG, 10 mM Tris-HCI 
ipHOh 1,5 mM MgCh, O.I c * I'mon 3 



1 4 If* 

ft. 



n 



X-iOO. 200 uM deoxyribonucleorides 
(Pharmacia P-L Biochemicals, Mil- 
waukee, WI, USA), 20 pmol of each 
oligonucleotide primer. 1 U of polym- 
erase (DynaZyme™; FINNZYMES, 
Espoo, Finland) and purified DNA. 
The reaction volume was 50 jiL, and a 
total of 40 cycles were carried out in a 
thermal cycler (HB-TRl; Hyoaid Ltd., 
Middlesex, UK). For [he borrelia PCR* 
the temperatures were 94°C for 1 min 
(denaeuracion;, 50°C for 1 min (anneal- 
ing) and 72°C for 1.5 mm (extension); 
for mycobacterial PCR, 94°C for 1 
mm, 5o 3 C or 65 5 C for 1 mm and 72°C 
for 1 min; for pertussis PGR, 94°C for 
1 mm, 57°C for i min and 72°C for 1 
min. After amplification,' a 20-u.L vol- 
ume of the reaction mixture was run in 
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Figure I, Amplification of purified B. 
burgdorferi DNA with four primer pairs tar- 
geted at the gene encoding 4i«kDa fiageilin. 

For aH paneis. lane L contains molecular weight 
markers: ianes I and 1 positive and negative 
controls; lanes serial dilutions (dilution 
ractor: fOi of" punlkd DNA extracted from 3. 
burgdorferi [lane 3. 300 ng per reaction tube; 
lane 9. 300 lg per reaction tubej. The PGR pro- 
toco! used wai as described m Materials 'and 
Methods. (A) primer pair 84-WK2, (B) primer 
pair WK 1-85. iCi primer pair B4-FL7 and fD^ 
pnmer pair WK l-KL" 

H4 Biolecmnuuc 



a 1.5% or 2% agarose gel, After stain- 
ing with echidium bromide and desiain- 
ing with water. PGR products were 
visualized and photographed under UV 

light, 

RESULTS 

For borrelia PCR, the primary 
primer pair was 34-B5 (Table 1). With 
the standard PGR protocol, the detec- 
tion limit by this pnmer pair was 300 
pg of DNA (about 6 x I0 4 organisms) 
per reaction tube. An extensive screen- 
ing of reaction parameters, including 
concentration of primers, magnesium, 
oligonucleotides and polymerase, was 
. done to find out the optimal conditions. 
Further, a preincubation of PCR mix- 
ture at 96 J C for 10 min was tested, as 
well as annealing temperatures of 42°C 
and 54°C. None of the tested condi- 
tions provided an\ improvement in the 
sensitivity of borrelia PGR. and in most 
of them the performance of PCR was 
even worse than in the standard condi- 
tions (data not shown). 

After this unfruitful optimization of 
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Figure 2. Amplification of purified M. tuber- 
culosis DNA with two primer pairs targeted at 
the gene encoding the secreted protein 

of M. tuberculosis. For bom pane is, lane L eon- 
tains molecular weight markers: ianes I -6, serial 
dilutions (dilution factor; I0l of pun fled DNA 
extracted from M. tuhervulusis (lane i, 5 ng per 
reseuon tube; fane 6. 30 h per reaction tube) and 
iane 7 negative control. The PCR protocol used 
was as described in Materials and Methods, (A) 
pnmer amr MVI-MV: und iB> primer pair 
MV4-MVS 



reaction parameters, three new primes 
(WKl VVK2 and FL7) were synche 
si2ed. The new primers and the ori»i na j 
ones were tested in four combinations 
using the standard PCR protocol The 
detection limits obtained by t* 0 0 f 
these pairs (B4-WK2 and WK j-B5) 
were one-tenth lower (30 pg per reac- 
tion tube) man mat obtained by the 
origins pair (Figure I, A and B}' One 
pnmer pair (B4-FL7) improved rh e 
sensitivity 100-foid (3 pg per reaction 
tube) (Figure IC). The detection li m { £ 
obtained by the fourth pair (WK1-FL7) 
was the lowest among these pnmer 
pairs (0.3 pg per reaction tube) (Fi*ur- 
!D). c v 
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FIg Ur e j\ Amplification of pu rilled B. pertus- 
sis ON A with four primer pairs targeted a! 
rzozzted gene element of 8. pertussis. For all 
panels, lane L contains molecular weight mark- 
ers; ianes 8 and 9. positive and negative controls; 
lanes i-7. DNA preparations extracted from 
seven na:>o pharyngeal swat* collected fron* a 
culture -confirmed pertussis case durum 
consecutive days. Samples UJ were culture- 
positive. Thcf PCR protocol used was us de~ 
scnbed in Material.^ and Methods, i A ) primer 
pair BPi-SPl 181 pnmer pair BPI-8P4. (C) 
pnmer pair 8P.-8P: and f Di pnmer pan 8P3- 

3P4 
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The primary primer pair in mvco 
bacterial PCR was MV1-MV2. The de- 
tection limit by this primer pair with 
the standard protocol was 50 ps per re- 
action tube (Figure 2A). Animated 
screening of reaction conditions was 
performed. However, no improvement 
could be obtained by changing the re- 
action conditions (data not "shown). 
Two new primers were synthesized and 
tested in one new combination (MV4- 
MV5). The sensitivity obtained by the 
new primer pair was 50 fs per reaction 
tube (Figure 23}. thus being 1 000- fold 
better than that obtained by "the original 
combination. 

in pertussis PCR, the detection limit 
was 6.5 pg per reaction tube with 
primer pair BP2-BP3, 650 f 2 D er reac- 
tion tube with BP3-BP4 and 65 fa per 
reaction tube with BPi-BP2 and BPi- 
BP4, The sensitivity differences be- 
tween the primer pairs were clearly 
shown also in the analysis of the naso- 
pharyngeal samples collected from a 



culture -confirmed pertussis case during 
nine consecutive days (Figure 3), Of 
the three primer pairs, BP2-BP3 gave 
positive result from the first two of 
these specimens (Figure 3C), BPI-BP* 
and BP3-BP4 from Ihe first four speci- 
mens (Figure 3. B and D) and BPJ-BP2 
trom all seven specimens (Figure 3Ai. 
The first three of the specimens .grew B. 
pertussis by culture, 

Despite the dramatic sensitivity j m . 
provemenc achieved by usins ooticnal 
primer pairs, the PCR assays Remained 
specific to the target organisms. Sorre- 
lia PCR detected only "fl. burgdorferi.. 
mycobacterial PCR detected only bac- 
teria belonging to the genus Mvcohuc- 
teriaceae and pertussis PCR detected 
only B. pertussis. 

DISCUSSION 

PCR is a very powerful method ror 
diagnosis of infectious diseases, pro- 
vided that sufficient sensitivity is 



achieved. The amplification efficiency 
or PCR depends on the concentration 
of the key reagents in the reaction mi* 
ture. the thermal cycle parameters und 
me primers. The reaction conditions 
can be optimized b> usinu a tur.^ im 
approach (9. Ill There are^L.o cerui n 
rules mac have to be obeved m The 
primer design. The primers "should not 
anneal with each other, and high G and 
C content and sequences fbrminsr hair- 
pin luops should be avoided. 

Our results suggest thai primes u re 
decisive for the sen>ictvic> of' PCR, and 
that there is no reliable means n»'-»re. 
diet the sensitivity achieved b\ a y : - n 
primer pair. Some primer pairs, which 
nave been designed taking into account 
the basic rules, do not work as effi- 
ciently as expected. An extensive 
search for optimal reaction protocol 
may be unfruitful with these pnmers 
Our findings are in accordance with the 
previous observations (1.2,. Campbell 
et al. used PCR with two primer p-irs 




The easily adjustable 
speed and platform pitch 
controls provide a wide range of 
agitation conditions: from extremelv sentle 

to vigorous, 
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selected from the DNA sequence of the 
Chlamydia pneumoniae-specific 474- 
bp Pjrl restriction fragment. Although 
ail reaction parameters were analyzed 
in all possible combinations, one 
.rimer pair still detected fewer infec- 
tious units of C. pneumoniae than the 
other. Durigon et ah evaluated 19 prim- 
ers combined into 16 different pairs in 
the PGR of human parvovirus B19 
DNA. Although all of the primer pairs 
detected all virus strains, some did so 
with greater sensitivity than others. The 
reasons for such a difference in sensi- 
•ivity between primer pairs remain un- 
• .wered. It is not clear whether the 
spatial configuration of template DiNAs 
or primers play to some extent a role in 
causing the phenomenon, The recombi- 
nant AmpIiTaq® DNA polymerase 
(Perkin-Eimer) may be helpful, be- 
cause the enzyme may have a better 
performance than other thermostable 
DNA polymerase to perform PGR with 
certain templates that contain stable ' 
«ndary structure (6). 
We conclude that if a sufficient PCR 
sensitivity is not obtained with a pri- 
marily selected primer pair, an exten- 
sive search for optimal reaction condi- 
tions may not be justified. It may be 
less time-, money- and work -consum- 
ing to test new primer pairs derived 
from slightly different positions of the 
original target sequence. 
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